Object. The authors aimed to develop management strategies for the treatment of herniated thoracic discs and to define indications for selection of surgical approaches. Symptomatic thoracic discs requiring surgery are rare. Between 1971 and 1995, 71 patients with 82 herniated thoracic discs were surgically treated by the authors. The treated group included 34 men and 37 women whose ages ranged from 19 to 75 years, with a mean age of 48 years. The most common sites of disc herniation requiring surgery were from T-8 to T-11. Evidence of antecedent trauma was present in 37% of the patients. Preoperative symptoms included pain (localized, axial, or radicular) in 54 (76%) of the 71 patients, evidence of myelopathy that is, motor impairment in 43 (61%), hyperreflexia and spasticity in 41 (58%), sensory impairment 43 (61%), and bladder dysfunction in 17 (24%).
. Bar graph showing the surgically treated levels in this series of 82 thoracic disc herniations. Note that the majority of disc herniations were between T-8 and T-11 (66%). The T6-11 levels were involved in more than 90% of the cases of herniation treated in this series. The most common levels of involvement were T9-10, T8-9, and T10-11, respectively. Relatively few herniations occurred at the thoracolumbar junction, T11-L1.
Discs were classified as centrolateral if the bulk of the herniation was medial to the lateral margin of the thecal sac and lateral if the majority of the disc was located lateral to the thecal sac. The majority of the 82 discs were centrolateral in location (77 discs, 94%).
Evidence of at least partial calcification on either plain x-ray films, computerized tomography (CT) scanning, magnetic resonance (MR) imaging, or during intraoperative inspection was present in 53 (65%) of 82 discs; in six discs (7%) we observed intradural extension at surgery. It should be noted that the majority of intradural penetrations occurred in densely calcified discs.
The patient's presenting signs and symptoms are listed in Fig. 2 . The most common presenting symptom was pain, which occurred in 54 (76%) of the 71 patients (Fig. 2 center) . Of the patients with pain, three distinct presentation patterns existed. These included: 1) localized thoracic back pain in 22 (41%); 2) axial pain radiating down the thoracic spine into the lumbar and/or paralumbar spine or buttocks in 21 (39%); and 3) radicular pain in 11 (20%). The pain was generally characterized as moderate to severe in intensity. In patients with overlapping symptoms, the pain was classified according to the distribution in which it was most severe. However, it must be emphasized that not all symptomatic patients presented with a pain syndrome. The most common complaint at presentation was that of pain in 76% of patients. Center: Three distinct pain distributions were seen. Patients with overlap between the different syndromes were classified based on the region of pain that was most severe. Lower: Of the 61% of patients found to have weakness, the majority demonstrated a spastic paraparesis. TL = thoracolumbar.
Sensory impairment, ranging from dysesthesias/paresthesias to complete sensory loss, was reported in 43 (61%) of the patients. Bladder dysfunction was reported by 17 (24%), with urgency being the most common complaint. Spasticity and hyperreflexia occurred in 41 (58%) of patients, and a positive Babinski sign was seen in 39 (55%). In our series, 17 (24%) of 71 patients were free of pain and dysesthesias at presentation. However, 21 (30%) of the patients had a normal neurological examination and underwent surgery for severe unrelenting pain (Fig. 2 upper) .
Lower-extremity weakness was noted in 43 (61%) of the patients. Paraparesis (31 patients, 72%) was much more common than monoparesis (12 patients, 28%). Twenty-eight (39%) of the 71 patients had no motor deficit (Fig. 2 lower) .
Neuroradiological Evaluation
Prior to 1986 all patients underwent either myelography, CT scanning, or CT myelography. Radiological studies obtained in patients undergoing operation subsequent to 1986 included MR imaging for diagnosis and preoperative planning.
Surgical Procedures
The approaches used are shown in Fig. 3 , which illustrates alternative surgical trajectories to the disc. The most common approach used in this series was the transthoracic. However, more recently the transfacet pedicle-sparing approach has been used with greater frequency, comprising 23 (70%) of 33 discs removed during the last 6 years. The lateral extracavitary approach was used for eight discectomies and the transpedicular approach for two. These surgeries have previously been well described. [16, 34, 39, 50, 52, 53, 66] Fig. 3 . Illustration depicting the four approaches used in this series and their respective trajectories. The transthoracic (TT) approach provides an anterolateral orientation, whereas the lateral extracavitary (LEC) approach facilitates a "true" lateral exposure. An identical posterolateral entry to the disc is provided by the transfacet (TF) pedicle-sparing and transpedicular (TP) surgeries. Numbers given in parentheses indicate the number of discs involved.
Evaluation of Treatment
The extent of disc removal was generally evaluated postoperatively by means of an MR or CT study. Postoperative signs and symptoms were monitored by the treating surgeon and the patient over the course of multiple follow-up visits lasting at least 1 year or until the patient was stable neurologically.
RESULTS

Postoperative Improvement in Signs and Symptoms
Overall improvement or resolution of pain (localized, axial, or radicular) occurred in 47 (87%) of 54 patients. Patients with a predominance of radiculopathy showed resolution or improvement in 10 (91%) of 11 cases, axial pain improved or resolved in 19 (90%) of 21 cases, and localized pain improved or resolved in 18 (82%) of 22 cases. All patients who presented with pain and did not improve following surgery were managed conservatively. Improvement or resolution of hyperreflexia and spasticity was noted in 39 (95%) of 41 patients, sensory changes in 36 (84%) of 43, and bladder dysfunction in 13 (76%) of 17. Those patients with motor deficits demonstrated the least improvement, with only 25 (58%) of 43 patients achieving functional improvement following decompression (Fig. 4) . 
Correlation Between Disc Characteristics and Surgical Approaches and Outcome
No correlation could be found between the disc level, consistency, size, position within the spinal canal, relation to the dura, and the patient's initial presentation and surgical outcome. There was no statistically significant difference in neurological outcome and pain improvement between the four surgical groups.
Surgical Complications
The complications from surgery in this series are listed in Table 1 . The overall complication rate was based on 12 (14.6%) of 82 discs. Major complications were defined as death, deterioration in neurological status, any problem requiring further surgery, or a significant medical complication, and occurred in three patients with three (3.6%) of 82 surgically treated discs. These complications consisted of one perioperative death, one patient with spinal instability requiring further surgical treatment, and one patient who developed a mild increase in preoperative paraparesis. The death occurred in a debilitated, elderly man who had a severe progressive spastic paraparesis. This patient (Case 1) underwent a lateral decompression for a calcified centrolateral herniation and died several weeks postoperatively from cardiopulmonary compromise. The second patient (Case 2) required further surgery after developing a flexion deformity following a transfacet pedicle-sparing approach for a densely calcified, large centrolateral herniation. The third major complication involved a mild permanent increase in the preoperative paresis following a lateral extracavitary decompression. The nine minor complications consisted of one stable compression fracture following a transthoracic surgery that required the patient to remain in a brace for 3 months; one transient paraparesis that completely resolved after 48 hours; three superficial wound infections; three cases of pneumonia, and one postoperative seizure. All minor complications were treated medically with no sequelae.
ILLUSTRATIVE CASES
Case 1
Excessive Surgery in a High-Risk Patient. This 77-year-old man presented with a history of rapidly progressing lower-extremity weakness and urinary incontinence. He reported a long history of midthoracic nonradiating pain. His medical history was notable for chronic renal failure, chronic obstructive pulmonary disease, coronary artery disease, and insulin-dependent diabetes. The CT studies (Fig. 5) revealed a large partially calcified centrolateral disc at T7-8. There was a significant degree of spinal cord deformation with displacement from left to right. However, this did not result in draping of the spinal cord around the disc. It is also important in the selection of surgical approach to be sure that the calcified portion of the disc is not in contact with the dura. The patient's symptoms did not improve or plateau with bedrest and high-dose steroid medication administration. A left lateral extracavitary approach was selected for disc removal and was performed without incident. After surgery the patient developed severe medical problems and died several weeks postoperatively from cardiopulmonary complications. Subsequently we have adopted less invasive surgeries in select situations, which include the high-risk medical patient. Intrathecal CT scans demonstrating a large partially calcified centrolateral T7-8 disc herniation. Left: The calcified portion of the disc herniation (arrow) involves the ventral aspect of the disc and is contiguous with the calcification inside the disc space. Of particular clinical importance is the lack of calcification in the dorsal aspect of the herniation. This indicates that the disc is not densely adherent to the ventral dura. Dural adherence may complicate disc removal and should be identified preoperatively. This helps facilitate selection of a suitable approach enabling safe discectomy, dural closure (grafting), and/or intradural disc removal. Right: The arrow points to the significantly deformed and posterolaterally displaced spinal cord. Note that although the spinal cord "caps" the right central dorsal aspect of disc, the left lateral disc margin (arrowhead) appears not to be covered by the spinal cord. This appearance indicates that dural manipulation can be avoided when performing a left-sided lateral or posterolateral approach. A left lateral extracavitary approach was used in this high-risk, elderly patient.
Case 2
Anterior, Anterolateral, and Lateral Approaches for Densely Calcified Large Centrolateral Herniations. A posterolateral approach was selected in this elderly woman who suffered from pain and mild myelopathy (Fig. 6 ). This approach was prematurely terminated not because of difficulty in visualizing the ventral dura, but because of the risk involved in removing the densely adherent calcified centrolateral disc. In this case an aggressive vertebral body resection above and below the calcified disc was performed in an effort to remove safely the portion of the disc that was firmly adherent to the ventral dura. The amount of vertebral body removed, together with the patient's advanced osteoporosis, resulted in a compression fracture with kyphosis. This required subsequent surgery for decompression, stabilization, and fusion. Fig. 6 . Case 2. Intrathecal CT scan showing a large, densely calcified, centrolateral disc in an elderly woman presenting with pain and mild myelopathy. Posterolateral access to the herniation did not facilitate disc removal secondary to significant dural adherence. A postoperative compression fracture with an associated flexion deformity was thought to have occurred as a result of the patient's advanced osteoporosis and an aggressive bone removal to help ensure safety during dissection of disc from the ventral dura. The patient's pain worsened, requiring further surgery for decompression, stabilization, and fusion.
DISCUSSION
Management Problems
The management of thoracic disc herniations has historically been difficult. The reasons for this are multifactorial, and include the following.
Delays in Diagnosis.
The rarity of symptomatic herniated thoracic discs has undoubtedly led to delays in diagnosis in the past. It is known that the annual incidence of thoracic disc herniations causing neurological deficits is one per 1,000,000 population. However, it has been estimated that 15 to 20% of the population have an incidental thoracic disc herniation visible on MR images. [3, 4, 56, 59, 76] Currently, MR imaging has largely replaced CT and myelographic studies for initial evaluation of thoracic discs. [27, 35, 47, 59, 76] In addition to the noninvasive nature of this modality, it provides excellent soft-tissue resolution using combinations of proton density T 2 -and T 1 -weighted images. Exquisite details of disc herniations including intracanalicular location and disc size, as well as intrinsic spinal cord edema can be visualized using this modality. "Myelographic-equivalent" images in which T 2 -weighted signal sequences are used are possible. The potential disadvantages of MR imaging include: 1) difficulty distinguishing hard and soft disc herniations (that is, presence of calcification); 2) overestimation of the extent of spinal cord deformation; and 3) possible difficulty in localizing the disc level involved. When these issues are in doubt we generally obtain a myelographic study; a postmyelography CT scan can be helpful in evaluating the disc consistency and degree of spinal cord deformity. Myelography can also enable rib counting for the purpose of localization.
The lack of a characteristic presentation pattern for herniated thoracic discs has also contributed to delays in diagnosis. Although the majority of patients have pain, nearly 25% of the patients in this series had no pain on presentation. Furthermore, when this symptom was present, three distinct pain patterns were elucidated. Although myelopathy was commonly observed, findings varied significantly between individuals.
Presently there is a growing awareness of an increased incidence of this disorder, [10, 56, 57, 73] which we hope will lead to earlier detection and treatment, with improved outcomes.
Lack of Consensus on Indications for Disc Removal. Uncertainty regarding the natural history of this disease has made it difficult to define surgical indications. Awwad, et al., [4] recently reported that no radiological distinction between symptomatic and asymptomatic discs could be made on postmyelography CT scans. Prophylactic surgery for these lesions is generally avoided; however, this preference has not been based on controlled, prospective studies. [4, 10, 68] Serial MR imaging may help facilitate longitudinal studies of patients with thoracic disc herniation both with and without symptoms that are treated medically. We generally reserve surgery for patients with severe, intractable radicular pain or those with myelopathy, especially when it is progressive or severe.
Variability of Surgical Approaches.
A historical review of laminectomy for the treatment of thoracic disc herniations published by Logue [38] [7, 24, 36, [48] [49] [50] 66, 67] The anterolateral (transthoracic, thoracoscopic, retropleural thoracotomy) and lateral (lateral extracavitary, costotransversectomy, and parascapular) operations may require 1) performance of extensive muscle dissection or a thoracotomy; 2) the removal of a rib; 3) working with the disc interposed between the surgeon and spinal cord; 4) the need to detach part of the diaphragm at the thoracolumbar junction; 5) chest tube placement; and 6) treatment of significant perioperative pain. Although controversial, the possibility of vascular compromise to the spinal cord exists from disruption of the artery of Adamkiewicz during a lateral approach. This possibility leads us to obtain a spinal angiogram prior to performing one of these procedures between T-8 and L-1, because the contents of the neuroforamina are usually disrupted, thus sacrificing this terminal artery if present. The anterior and anterolateral approaches do not necessitate the sacrifice of the contents of the neuroforamina including the major radicular artery. In our series, in one patient (12.5% of those undergoing angiography) the major radicular artery of Adamkiewicz was found at the proposed site of discectomy. In this situation we would either operate from the opposite side or select an alternative exposure.
Each surgical approach carries the potential for a unique set of complications. These complications must be appreciated so that they can be avoided; comprehensive discussions of the approaches and their respective complications have been presented elsewhere. [1-3 No universally accepted selection criteria exist to help the surgeon choose the best operation for disc removal. Moreover, no single surgical approach is best suited for all situations. As physicians become more familiar with these approaches they are better able to individualize surgical management, which will likely reduce associated morbidity. We have developed surgical selection guidelines based on our experience with the anterolateral and lateral approaches, [66] [67] [68] [69] [70] the well-documented success of others using the posterolateral transpedicular approach, [24, 36, [48] [49] [50] preliminary reports of new anterolateral techniques including the retropleural thoracotomy [42] and thoracoscopic surgeries, [19, 30, 32, 41, 55, 58, 73] and our preliminary experience with the transfacet pedicle-sparing approach [66, 67] (Fig. 7) . Factors that also influence this treatment algorithm include presenting signs and symptoms, medical condition of the patient, disc size and location, extent of calcification, degree of spinal cord deformation, and the presence of dura surrounding the posterolateral margins of the disc. Our first 51 patients were treated by means of the transthoracic and lateral extracavitary approaches. Although these approaches enable the surgeon to achieve total disc removal with good results in improving myelopathy, radicular pain, and localized thoracic pain, they are extensive procedures from the standpoint of operating time, perioperative pain, and physiological stress to the patient. [68] During the last 6 years of the series we began exploring alternative, less invasive surgical options. During this period, 70% of the last 20 patients in our series underwent disc removal in which the transfacet pedicle-sparing operation was performed. Overall, 28% of discs were removed using this technique. Encouraging preliminary results have been published previously. [66, 67] Our current experience leads us to recommend the posterolateral approaches for all symptomatic soft, lateral calcified, and selected calcified centrolateral herniations. The anterolateral approaches, including the transthoracic, thoracoscopic, and retropleural exposures and the lateral surgeries are presently reserved for selected densely and partially calcified centrolateral discs.
Series Analysis
Arce and Dohrmann, [1, 2] Benjamin, [5] and others [3, 5, 7, 12, 38, 50, 52, 61, 65] have independently published literature reviews of thoracic disc series. These provide an excellent historical perspective and include surgeries performed earlier than the 1930s. To better understand the overall effectiveness of modern thoracic disc herniation management we focused a review of the literature on more recent series that were reported during the past decade [7] [8] [9] 18, 20, 23, 36, 37, 43, 46, 56, 64, 65] (Table 2) . To help measure outcomes in our series, we compared our experience with this contemporary collection ( Table 3 ).
Demographics and Disc Characteristics. Thirteen series published between 1986 and 1997 were reviewed. More than half of the group reviewed consisted of series reported after 1992. A total of 263 discs were removed from 247 patients. Demographic and disc characteristic information can be found in Table 3 . Statistical tests comparing the number of patients and discs removed, age, sex, incidence of trauma, and total levels involved showed no difference between the two groups. With regard to disc location in the spinal canal, central/centrolateral and laterally positioned discs were observed in 77% and 23%, respectively, in the review group and 94% and 6% in ours. This discrepancy may reflect the lack of a uniform evaluation scheme between the different series. Most authors did not report the method used for this determination. Discs in our series were classified as centrolateral if the bulk of the herniation was medial to the lateral margin of thecal sac and lateral if the majority of disc was lateral to the dura. There is an increasing awareness of the relatively rare intradural [15, 71, 75, 77] and multilevel [6, 11, 13, 51] (symptomatic) herniations. The incidence of intradural disc extension in the review series was 5.6% compared with the 7.3% seen in our series. In the review group 20 (8%) of 242 patients were found to have multiple herniated discs, compared with 10 (14%) of 71 patients in our series. According to the Fisher probability test this difference was not statistically significant. Finally, disc consistency is also an important parameter influencing treatment. [33, 74 ] Sixty-five percent of discs were classified as at least partially calcified in our series based on either plain x-ray films, CT or MR studies, or intraoperative inspection. This was significantly greater than the 21.8% seen in the review group.
Presenting Signs and Symptoms. The percentage of patients with back pain, sensory deficit, bowel or bladder dysfunction, and weakness is strikingly similar between groups (Table 3 ). The one exception was that radiculopathy was seen in 51% of the review group and in only 16% of the patients in our series. A possible explanation for the small percentage of patients in our group with radicular pain and the higher percentage of those with back pain may relate to the classification criteria. In patients who complained of multiple pain syndromes, our group listed only the most severe one. Another possibility is the greater ratio of centrolateral/lateral herniations seen in our series (15:1) versus that seen in the review group (3:1); this may help explain the lower incidence of radicular pain in our patients. Table 3 . The number of patients with resolution or improvement of a sign or symptom is divided by the total number of patients in the groups that reported outcomes pertaining to this problem. According to a chi-square test there was no statistically significant difference in results between the groups regarding pain, bowel/bladder dysfunction, or motor impairment.
Postoperative Results. A comparison of results between patient groups is illustrated in
Surgical Morbidity and Complications. The complications reported in the review group [7] [8] [9] 18, 20, 23, 36, 37, 43, 46, 56, 64, 65] (Table  2) can be compared with those found in our series (Table 1) . There was a 6.1% major complication rate in the review group (16 of 263) compared with a 3.6% rate (three of 82) in our series. Although our major complication rate was lower than that seen in the review group, this was not statistically significant (chi-square test). Additionally, there was one perioperative death in a high-risk medical patient in our group, and although several deaths have been reported in earlier series, [1, 2, 5, 38, 52] there were none in the contemporary review groups. Minor complications involving 23 (8.7%) of 263 herniated discs were seen in the review group and in nine (11%) of 82 in our series. The total complication rate reported was 39 (14.8%) of 263 in the review group and 12 (14.6%) of 82 in our group. As with the major complications, no significant difference was seen in either the total complication rate or the minor complications. These percentages were in fact quite similar.
Current Management Scheme
Review of this series, with the attendant complications, in conjunction with review of other contemporary series has facilitated our decision-making process when considering the comprehensive management of these patients. Patients presenting with symptoms from a thoracic disc herniation are entered into one of three groups: localized/axial pain, radicular pain, or myelopathy (Fig. 7) .
Localized/Axial Pain. These patients without myelopathy are not surgically treated. Conservative treatment may include the use of steroidal and nonsteroidal antiinflammatory drugs, bracing, activity modification, physical therapy, and steroid injections.
Radiculopathy.
Patients with radiculopathy alone undergo aggressive medical treatment as outlined previously. On occasion, steroid injections into the intercostal nerve have been helpful diagnostically and therapeutically. Those with severe radicular complaints that do not improve are evaluated for surgery, which generally consists of a posterolateral approach for decompression.
Myelopathy.
If imaging reveals a significant disc herniation in a patient with myelopathy, treatment is based on the status of the neurological deficit. Patients showing improvement are treated medically, as are those with static non-severe deficits without functional impairment or intolerable pain. When the myelopathy is either progressive or severe (static), patients are entered into a highor low-risk category.
A surgical approach is selected for all low-risk patients based on the position of the disc in the spinal canal. All patients with lateral herniations undergo posterolateral surgery. The degree and location of calcification within the disc herniation determines the approach selected for centrolateral herniations in this low-risk group. In our experience the posterolateral surgical approach has been safe and effective in the treatment of all soft herniations, including those located centrally. [66, 67] Specially designed instruments and, on occasion, open endoscopy are thought to enhance safety during disc removal. [36, 66, 67] These surgeries may represent the least invasive of all presently available techniques. [36, 66, 67] The disappointing results in our Case 1 (Fig. 5) led to the development of the transfacet pedicle-sparing approach. Cadaveric analysis demonstrated this exposure to be virtually identical to the transpedicular surgery, [66] while requiring less bone and soft-tissue disruption.
We additionally reasoned that avoidance of pedicle removal and performance of only a keyhole facetectomy would lead to back pain results superior to those reported in patients undergoing transpedicular disc removal. [36, 48, 66, 67] Preliminary results have suggested this to be the case.
Other minimally invasive techniques (for example, thoracoscopy) may also be considered for treating central soft herniations. [30, 32, 58, 67, 73] Densely calcified discs treated in our series were likely to have dural adherence. This usually leads us to advocate one of the anterolateral approaches when removing a densely calcified centrolateral herniation having a significant central portion (Case 2; Fig. 6 ). In the rare instance in which a densely calcified central disc herniation occurs in the upper thoracic spine, an anterior approach may be considered. Densely calcified centrolateral discs that are more laterally positioned are treated with either an anterolateral or lateral approach. Mildly or partially calcified centrolateral herniations necessitate posterolateral, lateral, or anterolateral surgery depending on several factors, including: 1) the presence of the bulk of the disc in the middle of the spinal canal; 2) the extent of calcification involving the posterior disc margin, which is thought to influence the degree of dural adherence; 3) the point of contact between the disc and spinal cord; and 4) the extent of spinal cord draping around the disc. The last two points directly influence the effectiveness of a posterolateral or lateral approach in exposing the posterolateral disc margin.
In Case 1 (Fig. 5 ) the calcified portion of disc was anterior and not adjacent to the ventral dura. Consequently the potential for significant dural adherence was small. This was substantiated at surgery. Additionally, although preoperative images demonstrated considerable spinal cord retrodisplacement there was no significant draping of the spinal cord around the left disc. This enabled exposure of the entire ipsilateral disc herniation with a left lateral approach. The presence of significant draping of the spinal cord around the disc may require some elevation of the lateral dura during disc removal using a lateral approach. This situation may predispose patients to neural injury and is to be avoided.
High-risk medical patients who have a densely calcified centrolateral herniation are treated conservatively. If symptoms are progressive or do not improve, a retropleural, thoracoscopic, or, if necessary, a transthoracic procedure is performed. Those patients having herniations that are not densely calcified and centrolateral are surgically treated using a posterolateral decompression.
CONCLUSIONS
This review of our experience and that of other contemporary series has illustrated that the management of thoracic disc herniations still presents a significant challenge. Although complications have been dramatically reduced from earlier series, the need remains to refine treatment further. The fundamental question of which patients require surgery and who can be safely managed conservatively needs to be answered. This will require longitudinal evaluation of both symptomatic and asymptomatic patients managed nonsurgically. The appropriate management strategy should be based on the initial presentation, medical condition of the patient, and disc characteristics. Because all of the anterior, anterolateral, and lateral surgical approaches have the potential for significant morbidity, continued effort toward the development and refinement of minimally invasive treatments is necessary. Finally, it is imperative that treating clinicians maximize their ability to individualize treatment by maintaining proficiency in multiple surgical options.
